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Abstract: Radon concentration variation has been monitored since 2009 in the artificial gallery of the 
Sopronbánfalva Geodynamic Observatory, Hungary. In the observatory, the radon concentration is 
extremely high, 100 - 600 kBq m-3 in summer and some kBq m-3 in winter.  The relationships between 
radon concentration, temperature and barometric pressure were separately investigated in the 
summer and winter months by Fast Fourier Transform, Principal Component Analysis, Multivariable 
Regression and Partial Least Square analyses in different frequency bands. It was revealed that the 
long-period radon concentration variation is mainly governed by the temperature (20 kBq m-1 °C-1) 
both in summer and winter. The regression coefficients between long-period radon concentration and 
barometric pressure are -1.5 KBq m-3 hPa-1 in the summer and 5 KBq m-3 hPa-1 in the winter months. 
In the 0.072-0.48 cpd frequency band the effect of the temperature is about -1 kBq m-3 °C-1 and that of 
the barometric pressure is -5 KBq m-3 hPa-1 in summer and -0.5 KBq m-3 hPa-1 in winter. In the high 
frequency range (> 0.48 cpd) all regression coefficients are one order of magnitude smaller than in the 
range of 0.072-0.48 cpd. Fast Fourier Transform of the radon concentration, temperature and 
barometric pressure time series revealed S1, K1, P1, S2, K2, M2 tidal constituents in the data and week 
O1 components in the radon concentration and barometric pressure series. A detailed tidal analysis, 
however, showed that the radon tidal components are not directly driven by the gravitational force but 
rather by solar radiation and barometric tide. Principal Component Analysis of the raw data was 
performed to investigate the yearly, summer and winter variability of the radon concentration, 
temperature and barometric pressure. In the summer and winter periods the variability does not 
change. The higher variability of the radon concentration compared to the variability of the 
temperature and the barometric pressure shows that besides the temperature and barometric 
pressure variations other agents, e.g. natural ventilation of the observatory, wind, etc. also play an 
important role in the radon concentration variation. 
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Abstract 5 
Radon concentration variation has been monitored since 2009 in the artificial gallery of the 6 
Sopronbánfalva Geodynamic Observatory, Hungary. In the observatory, the radon 7 
concentration is extremely high, 100 – 600 kBq m–3 in summer and some kBq m–3 in winter.  8 
The relationships between radon concentration, temperature and barometric pressure were 9 
separately investigated in the summer and winter months by Fast Fourier Transform, Principal 10 
Component Analysis, Multivariable Regression and Partial Least Square analyses in different 11 
frequency bands. It was revealed that the long-period radon concentration variation is mainly 12 
governed by the temperature (20 kBq m
–1
 °C
–1
) both in summer and winter. The regression 13 
coefficients between long-period radon concentration and barometric pressure are –1.5 KBq 14 
m
–3
 hPa
–1
 in the summer and 5 KBq m
–3
 hPa
–1
 in the winter months. In the 0.072-0.48 cpd 15 
frequency band the effect of the temperature is about –1 kBq m–3 °C–1 and that of the 16 
barometric pressure is –5 KBq m–3 hPa–1 in summer and –0.5 KBq m–3 hPa–1 in winter. In the 17 
high frequency range (> 0.48 cpd) all regression coefficients are one order of magnitude 18 
smaller than in the range of 0.072-0.48 cpd. Fast Fourier Transform of the radon 19 
concentration, temperature and barometric pressure time series revealed S1, K1, P1, S2, K2, 20 
M2 tidal constituents in the data and week O1 components in the radon concentration and 21 
barometric pressure series. A detailed tidal analysis, however, showed that the radon tidal 22 
components are not directly driven by the gravitational force but rather by solar radiation and 23 
barometric tide. Principal Component Analysis of the raw data was performed to investigate 24 
the yearly, summer and winter variability of the radon concentration, temperature and 25 
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barometric pressure. In the summer and winter periods the variability does not change. The 26 
higher variability of the radon concentration compared to the variability of the temperature 27 
and the barometric pressure shows that besides the temperature and barometric pressure 28 
variations other agents, e.g. natural ventilation of the observatory, wind, etc. also play an 29 
important role in the radon concentration variation. 30 
    31 
Keywords: Radon concentration; Air pressure; Temperature; Underground gallery; Data 32 
analysis 33 
  34 
1. Introduction 35 
Radon (
222
Rn) is an inert, omnipresent radioactive gas, one of the daughter elements of 
238
U 36 
and its direct mother element is 
226
Ra. 
238
U and 
226
Ra occur at varying concentration in the 37 
Earth crust and in soils derived from different rock types.  Radon gas, which is continuously 38 
produced in rocks and soils, migrates into the air. The migration is mainly affected by 39 
convection and molecular diffusion (Steinitz and Piatibratova, 2010; Szabó et al., 2013). 40 
Thus, the amount of radon emanation depends on the elastic properties and porosity of the 41 
rocks and on the local fracture system (e.g. Holub and Brady, 1981; Kies et al., 2002, 2005; 42 
Vaupotič et al., 2010) and shows large temporal variations due to meteorological and 43 
hydrological effects (Garavaglia et al. 1999; Vargas and Ortega, 2006; Papp et al., 2008; 44 
Smetanova et al., 2010; Steinitz and Piatibratova, 2010; Szabó et al., 2013). Analysis of 45 
temporal variations in the radon gas concentration is a useful tool to study geodynamic 46 
processes associated with tectonic (Garavaglia et al., 1998, 2000; Aumento, 2002; Omori et 47 
al., 2007; Mahajan et al., 2010; Utkin and Yurkov, 2010) and volcanic (Toutain and Baubron, 48 
1999; Viñas et al., 2007 ) activities as well as in looking for a warning sign for earthquakes 49 
(Igarashi et al., 1995; Yong and Wei, 1995; Garavaglia et al., 1999; Virk et al., 2000; Crockett 50 
 
 
et al., 2006; Kawada et al., 2007; Inan et al., 2008; Yasuoka et al., 2009; Crockett and 51 
Gillmore, 2010; Cigoliní et al., 2015). For this reason the relationship between rock strain and 52 
radon concentration is an important scientific issue to be answered. Holub and Brady (1981) 53 
investigated the connection between radon emanation and rock stress in laboratory. Trique et 54 
al. (1999) and Kies at al. (2002, 2005) conducted measurements in tunnels near water 55 
reservoirs seeking for the correspondence between radon concentration and rock strain due to 56 
loading and unloading effect of the reservoir. Garavaglia et al. (2000) found low correlation 57 
between tilt-strain and radon emission in underground observatories. Several papers deal with 58 
the connection of radon concentration and Earth tides (Alekseenko et al., 2010) in 59 
underground caves (Barnet et al., 1997a, 1997b; Kies et al., 1999) and in dwellings (Groves-60 
Kirkby et al., 2004). Richon et al. (2009) treat the impact of barometric tides on radon 61 
concentration in their publication. Millich et al. (1998) theoretically demonstrated that tidal 62 
rock stresses can induce the flow of radon bearing pore fluid. Barnet et al. (1997a; 1997b) 63 
graphically compared radon data series of several days with the theoretical tidal components. 64 
Other publications demonstrate that the amount of radon emanation strongly depends on the 65 
temperature and air pressure (Barnet et al., 1997a, 1997b; Gregorič et al., 2011; Pinault and 66 
Baubron, 1996; William and Wilkening, 1974). The problem is worsened by the fact that both 67 
temperature and air pressure have an indirect effect, as their changes induce stress in the rock. 68 
According to the complexity of the radon emanation process and the influence of 69 
environmental effects, the interpretation of radon concentration variation as a possible proxy 70 
of small scale geodynamic processes and deformations is not yet resolved unambiguously. 71 
The understanding of seasonal and weather-related variations of radon concentration is 72 
essential for planning mitigation schemes and for studying the relationship between rock 73 
strain and radon concentration variations accurately. The object of this study is to investigate 74 
the relations of indoor radon concentration to barometric pressure and temperature variations 75 
 
 
on the basis of five year long data series measured in the artificial underground gallery of the 76 
Sopronbánfalva Geodynamic Observatory (SGO) in years from 2009 till 2013. The results of 77 
this study provide a quantitative description of the relationships in short and long period time 78 
domains.  79 
2. Observation site 80 
The Sopronbánfalva Geodynamic Observatory is located on the Hungarian-Austrian border in 81 
the Sopron Mountains. The area belongs to the extensions of the Eastern Alps represented by 82 
crystalline rocks and is characterized by their outcrops in this Lower Alps (Alpokalja) region 83 
(Fig. 1.a). The Sopron Mountains are made of metamorphic rocks from the Palaeozoic age 84 
such as gneiss and different mica schists (Kisházi and Ivancsics, 1985; Fülöp, 1990; Haas, 85 
2001). The geological map of the surroundings of the observatory is shown in Fig. 1c. The 86 
coordinates of the observatory (SGO in Fig. 1) are: latitude 47º40’55’’ N; longitude 87 
16º33’32‖ E; the altitude is 280 m a.s.l.  The observatory is an artificial gallery at a depth of 88 
about 60 m driven horizontally into an outcrop of the bedrock formed by gneiss. The ground 89 
plan of the observatory and the location of the AlphaGUARD
TM
 radon concentration 90 
measuring instrument in the gallery are delineated in Fig. 1b. The instrument is placed near to 91 
an extensometer about 40 m from the entrance and it is thermally insulated by three doors but 92 
not perfectly hermetically sealed. It means that there is a slow air circulation via the conduit 93 
for the electric cables of the instruments. This ventilation does not change the temperature in 94 
the gallery but it ensures that the indoor and outdoor barometric pressures are the same. Thus 95 
we can safely assume that the transport of radon to the outside is very slow. The yearly mean 96 
temperature in the gallery is 10.4 ºC and the yearly and daily temperature variations are less 97 
than 0.5 ºC and 0.05 ºC, respectively. The relative humidity is 90% and it is nearly constant. 98 
There is no human activity in the observatory. The instruments are remote-controlled via the 99 
Internet from the institute, so anthropogenic effects can be excluded. 100 
 
 
3. Methods 101 
3.1. Measuring method  102 
The radon concentration has been measured by a radon monitor type AlphaGUARD
TM
 103 
(PQ2000PRO). The AlphaGUARD
TM
 is able to continuously determine the radon 104 
concentration as well as to record air pressure, temperature and humidity 105 
(http://www.genitron.de, last access 14.08.2014). The instrument incorporates a pulse-106 
counting ionization chamber (using alpha spectroscopy). This radon monitor is suitable for 107 
continuous monitoring of radon concentration between 2 Bq m–³ and 2 MBq m–³.  Its 108 
sensitivity is 5 cpm at 100 Bq m–³ and it has a stable long-term calibration factor. The 109 
measurements are carried out in diffusion mode.  110 
In addition to the radon concentration, the inner and outer temperature and barometric 111 
pressure were also measured hourly. Radon concentration, outer temperature and outer air 112 
pressure data were subjected to data processing, as the inner temperature was constant (10.4 113 
ºC) and the inner and outer barometric pressures did not differ significantly. 114 
3.2. Data processing 115 
In addition to analysing raw data, the measured data (radon concentration, temperature and 116 
barometric pressure) were analysed in different frequency ranges. Adjacent averaging (4800 117 
adjacent data involved in the averaging), band-pass filter with cut-off frequencies of 0.072–118 
0.48 cpd (~2–14 days), high-pass filter (with cut-off frequency of 0.48 cpd) and daily 119 
averaging were used to study the variations in different frequency ranges. Raw data, adjacent-120 
averaged and filtered data were subjected to Principal Component Analysis (PCA), 121 
Multivariable Regression (MVR) and Partial Least Square (PLS) analyses (Abdi, 2003). Fast 122 
Fourier Transform (FFT) of the data series was performed for comparing the spectral 123 
components of the signals. Data processing was carried out by the ORIGIN 9.1 program 124 
(http://www.originlab.com, last access 11.08.2014). The relationships between radon 125 
 
 
concentration, barometric pressure and temperature were also separately investigated in the 126 
summer (from 1 May to 30 September) and winter periods (from 1 November to 31 March). 127 
ETERNA 3.4 program package (Wenzel, 1996) was used for the calculation of the theoretical 128 
tidal potential and tidal evaluation of data.  129 
4. Results and discussion  130 
Figure 2 shows the hourly measured radon concentration, outdoor temperature and barometric 131 
pressure data from 1 January 2009 till 31 December 2013. At first glance, it is conspicuous 132 
that the radon concentrations in the summer and winter periods are quite unlike. The radon 133 
concentration is quickly increasing when the outer temperature exceeds the temperature (10.4 134 
°C) inside the observatory. The summer months are characterized by extremely high 135 
concentration (100 – 600 kBq m–3). In the winter months, both the mean value and the 136 
variability of the radon concentration drop to some kBq m
–3
 (see also Garavaglia et al., 1998; 137 
Przylibski, 1999; Martin-Luis et al., 2002; Perrier et al., 2007; Gregorič et al., 2011; Loisy 138 
and Cerepi, 2012; Fijałkowska-Lichwa, 2014).  139 
Figure 3 shows the amplitude spectra of the measured raw data. The relationship between the 140 
amplitudes of radon concentration and meteorological parameters shows a great variability 141 
(see e.g. Steinitz and Piatibratova, 2010). To get a better insight into the connection between 142 
these quantities, Pearson (usual linear correlation) and Spearman correlation, as well as linear 143 
regression analysis were carried out. Results are summarized in Table 1. The small value of 144 
the Spearman correlation coefficients show that the radon concentration changes are not 145 
monotonous in the function of the changes of barometric pressure and temperature, namely 146 
the increasing values of the meteorological parameters ―accidentally‖ cause decreasing radon 147 
concentration values and conversely (Steinitz and Piatibratova, 2010).  148 
In Fig. 4 radon concentration amplitudes are plotted against temperature (a) and barometric 149 
pressure (b), moreover regression lines are determined between these quantities. The 150 
 
 
regression coefficients are given in Table 1. The obtained radon concentration patterns 151 
confirm the results concluded from the Spearman correlation.  152 
In the amplitude spectrum clear diurnal and semi-diurnal tidal components (Melchior, 1978; 153 
Wilhelm et al., 1997)  are present but a ter-diurnal component is absent as it was also found 154 
by Pinault and Baurbon (1996) in contrast with  Steinitz and Piatibratova (2010) who 155 
recorded a ter-diurnal component. In Fig. 5 the assumed tidal components are denoted in the 156 
amplitude spectrum in the diurnal (a) and semi-diurnal (b) tidal frequency ranges. In the 157 
diurnal frequency band the S1 (1.000 cpd) solar radiation and K1 (1.002925 cpd) luni-solar 158 
components are clearly present in the radon concentration. P1 (0.997091815 cpd) principal 159 
solar and the O1 ((0.929512006 cpd) principal lunar components can also be detected, but the 160 
presence of these components is questionable due to their small amplitudes relative to the 161 
neighbouring components. K1 and P1 frequencies represent the annual modulation of S1 162 
(Boyarsky et al., 2003) which explains their presence in the radon concentration. In the semi-163 
diurnal band the presence of the S2 (2.000 cpd) principal solar and the K2 (2.005012531 cpd) 164 
luni-solar components is evident and the M2 (1.932367 cpd) principal lunar component 165 
appears with small amplitude.  The S1 and S2 solar tidal components are present in our data 166 
similarly to other published results (e.g. Kies et al., 1999; Groves-Kirkby et al., 2006; 167 
Alekseenko et al., 2010; Steinitz and Piatibratova 2010). To determine the origin of the tidal 168 
constituents in the radon concentration data, the tidal components of the theoretical tidal 169 
potential, , calculated for the location of the SGO,  and the measured radon concentration data 170 
series were adjusted by means of the ETERNA 3.4 program package. The results in Fig. 6 171 
demonstrate that the ratios of the radon concentration components to the theoretical tidal 172 
potential constituents are very different.  Quite unlike ratios for the main tidal waves O1 173 
(0.115) and M2 (0.004) indicate clearly that the tidal components in the radon concentration 174 
are not of direct gravitational origin at the location of the SGO. Probably they are governed by 175 
 
 
the air pressure variations caused by atmospheric tide, weather variations and solar radiation. 176 
Similarly, Steinitz and Piatibratova (2010) did not reveal the principal lunar waves O1 and 177 
M2 besides the S1, S2 and S3 components. In contrast with these results, Lenzen and 178 
Neugebauer (1999) detected the mentioned components in an abandoned gypsum mine, 179 
presumably owing to the different measurement site. Richon et al. (2012) also detected the 180 
M2 and O1 waves in a subglacial laboratory. Crockett et al. (2010) investigated the tidal 181 
effect at two measurement sites. At one location they found the weak presence of the M2 182 
wave, while at the other location the wave was not detected and in consequence they assumed 183 
that the detected S1 and S2 waves are due to the effects of temperature and air pressure. 184 
Friederich and Wilhelm (1985) investigated the solar radiation effects on Earth tide 185 
measurements. Similarly to us, they found that the solar radiation effect is considerable in the 186 
S1, K1 diurnal frequencies while this effect is diminished by a factor of ten in the semidiurnal 187 
S2, K2 frequencies, so it can be neglected. At the SGO S2 is diminished by a factor of six and 188 
K2 by a factor of two. In the radon concentration the S1 amplitude is high but within the 189 
theoretical tidal potential waves this component is the smallest. It also supports the 190 
observation that tidal components of directly gravitational origin cannot be detected in our 191 
radon concentration data.  192 
PCA analysis of the raw data was performed to investigate the yearly, summer (from 1 of 193 
May to 30 of September of the actual year) and winter (from 1 of November of the actual year 194 
to 31 March of the next year) variability of radon concentration, temperature and barometric 195 
pressure. The results are summarised in Table 2. The variability of the three parameters is the 196 
same in the summer and winter periods while from the yearly data series it is about 10 percent 197 
higher in the case of radon concentration and about 50 percent less in the case of temperature 198 
than summer and winter values. The variability of barometric pressure is about the same for 199 
all the periods. From the higher variability of radon concentration compared to the variability 200 
 
 
of temperature and barometric pressure it can be concluded that there should also be other 201 
agents governing the radon concentration variation besides temperature and air pressure. Such 202 
agents could be the ventilation (e.g. Perrier et al., 2004, 2005, 2007; Eff-Darwich et al., 2008; 203 
Akbari et al., 2013; Finkelstein et al., 2006), wind (Riley et al., 1996), rain (Garavaglia et al., 204 
1998; Dal Moro et al., 2000, Perrier et al., 2007), ground water variations (e.g. Pinault and 205 
Baubron, 1996; Smetanová, 2010), etc.   206 
To get numerical relations between radon concentration, barometric pressure and temperature 207 
variation in different frequency bands, the data series were filtered by a high-pass (cut off 208 
frequency: 0.48 cpd) and a band-pass filter (low cut off frequency: 0.072 cpd and high cut off 209 
frequency: 0.48 cpd) furthermore the daily averages were calculated to eliminate daily 210 
variations. Figure 7, as an example, shows the diverse patterns of the high-pass and band-pass 211 
filtered data. In Fig 7a the high-pass filtered data in the summer month July of 2009 (above) 212 
and in the winter month December of 2009 (below) are plotted. In Fig.7b the band-pass 213 
filtered data in the summer months from 1 June to 31 August of 2009 (above) and in the 214 
winter months from 1 November of 2009 to 31 January of 2010 (below) are plotted. In the 215 
high-pass filtered radon concentration a two-day period while in the band-pass-filtered data a 216 
two-week period can be observed (see e.g. Steinitz and Piatibratova, 2010; Szabó et al., 217 
2013). Such kind of obvious periodicity is present neither in the summer radon concentration 218 
data nor in the temperature and barometric pressure data of summer and winter periods.  219 
To study the long-period behaviour of radon concentration, the data were filtered by an 220 
adjacent filter.  The average values were calculated from 4800 adjacent data points which 221 
corresponds to an average of 200-day data (a cut off frequency of 0.005 cpd). Figure 8 shows 222 
the long-period variation. From the Figure it is obvious that the radon concentration is mainly 223 
governed by temperature in the long-period range.  224 
 
 
Since the MVR and PLS analyses methods have different algorithm, the raw and filtered data 225 
were subjected to both analysis. In each year the data were treated separately in the winter and 226 
summer months similarly to the PCA analysis. The year by year parameters from the summer 227 
and winter months were separately averaged for every data types (raw, filtered, and averaged 228 
data). The results of the two analysis methods were practically identical, therefore only the 229 
results of the PLS analysis are listed in Table 3. In the summer months the regression 230 
coefficient between radon and temperature is positive and varies between 16 and 25 kBq m–
3
 231 
°C–
1
 in the case of raw, daily and adjacent averaged data. It is negative in the case of the band-232 
pass and high-pass filtered data and its value is one order of magnitude smaller in the 0.072-233 
0.48 cpd frequency range (band-pass) than the value obtained in the case of raw and averaged 234 
(daily and adjacent) data. In the high frequency range (greater than 0.48 cpd) the regression 235 
coefficient is –0.233 kBq m–3 °C–1. Since the long-period components of radon concentration 236 
appear both in the raw and averaged data, we can assume that they are mainly governed by 237 
temperature in the summer months. In the short-period band the effect of temperature is much 238 
smaller, and has an opposite effect, than in the long-period band. In the summer months the 239 
regression coefficients have a value in the same order and they are negative except in the 240 
high-pass filtered frequency range. In the winter months when the outer temperature is lower 241 
than the inner temperature, the regression coefficients between radon concentration and 242 
temperature are about one order of magnitude smaller than in the summer months in the case 243 
of the raw, daily averaged, band- and high-pass filtered data, while the regression coefficients 244 
between radon concentration and barometric pressure are about the quarter of the values 245 
obtained for the summer months. It means that the radon concentration is mainly governed by 246 
the barometric pressure in the winter months. In the long-period range (adjacent averaged 247 
data) the regression coefficient between radon concentration and temperature is the same as in 248 
the summer months. The regression coefficient between radon concentration and barometric 249 
 
 
pressure is positive and about five times higher than in the summer months. This positive 250 
effect of the temperature and air pressure (increasing temperature and barometric pressure 251 
causes increasing radon concentration) can be seen very well in Fig. 8. The strainmeter in the 252 
observatory measures a seasonal strain variation depending on the temperature. This 253 
temperature effect is described by Mentes (2000) in detail. In Figure 8 the long-period, 254 
seasonal strain variation is not plotted because it’s course is similar to the temperature curve.  255 
The observatory is sensitive to air pressure variations due to the atmospheric loading on the 256 
rock at the observatory and in its surroundings (Gebauer et al., 2010; Eper-Pápai et al., 2014). 257 
It can be inferred that the long-period radon concentration is governed by the rock 258 
temperature due to thermal expansion of the pores, interstices, cracks of the rock (e.g. 259 
Weinlich et al. 2006; Kawada et al., 2007; Vaupotič et al., 2010) and by the long-term 260 
atmospheric loading (Holub and Brady, 1981), especially by weather fronts deforming the 261 
rock and pressing the radon into the air (e.g. William and Wilkening, 1974; Crockett et al., 262 
2006). This effect can be observed in Fig. 8. When the barometric pressure is high, the radon 263 
concentration values are also increasing even if the temperature is unchanged. 264 
6. Conclusions 265 
The five-year simultaneous data record reveals a complex relationship between, temperature, 266 
air pressure and radon concentration data. The most apparent characteristic of the radon 267 
emanation potential at the measurement site is its quite different behaviour in the winter and 268 
summer. In the summer months the concentration is between 100 and 600 kBq m
–3
, while in 269 
the winter months the radon concentration drops to some kBq m
–3
. Natural ventilation due to 270 
the temperature variation is mainly responsible for this high concentration differences. 271 
The amplitude spectrum of radon concentration, temperature and barometric time series 272 
revealed S1, K1, P1, S2, K2, M2 tidal constituents in the data series and a week O1 273 
component. The tidal analysis of radon concentration yielded practically the same tidal 274 
 
 
components. The amplitude ratios of radon and theoretical tidal components are very 275 
different, from which it can be inferred that the radon tidal components are not directly driven 276 
by the gravitational force but by the solar radiation and barometric tides. 277 
PCA analysis of the raw data was performed to investigate the yearly, summer and winter 278 
variability of radon concentration, temperature and barometric pressure. In the summer and 279 
winter periods the variability does not change. From the higher variability of radon 280 
concentration than the variability of temperature and barometric pressure it can be concluded 281 
that there should also be other agents (e.g. natural ventilation of the observatory) governing 282 
the radon concentration variation besides the temperature and air pressure. 283 
Different behaviour of the radon concentration variation in the summer and winter months 284 
was investigated also by PLS analysis. Results revealed that the dependence of the radon 285 
concentration on temperature and barometric pressure is different in the different frequency 286 
ranges. In the long-period range, when the frequency is smaller than 0.072 cpd, the effect of 287 
the temperature is about the same in the summer and winter months (about 20 kBq m
–3
 °C
–1
). 288 
The regression coefficients between radon concentration and barometric pressure are –1.5 289 
KBq m
–3
 hPa
–1
 in the summer and 5 KBq m
–3
 hPa
–1
 in the winter months. While the effect of 290 
the temperature is always positive, barometric pressure has a negative effect in summer and a 291 
positive effect in winter (increasing barometric pressure causes increasing radon 292 
concentration). In the 0.072-0.48 cpd frequency range, the effect of the temperature is about –293 
1 kBq m
–3
 °C
–1
 and the effect of barometric pressure is –5 KBq m–3 hPa–1 in summer and –0.5 294 
KBq m
–3
 hPa
–1
 in winter. In the high frequency range (> 0.48 cpd) all regression coefficients 295 
are one order of magnitude smaller than in the range of 0.072-0.48 cpd. In this frequency 296 
range the temperature has a positive effect in summer. 297 
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FIGURE CAPTIONS 481 
Fig. 1. Site of the measurements. a) Location of the Sopronbánfalva Geodynamic Observatory 482 
(SGO) in Hungary, b) Ground plan of the SGO, c) Geological map of the surroundings of the 483 
SGO (Haas 2001). 484 
Fig. 2. Radon concentration, outdoor barometric pressure and temperature measured between 485 
1 January 2009 and 31 December 2013. 486 
Fig. 3. Fourier amplitude spectra calculated from the data series of air temperature, 487 
barometric pressure, and radon concentration. Processed data are from 1 January 2009 till 31 488 
December 2013 489 
Fig. 4. Regression between radon concentration and temperature (a) and barometric pressure 490 
(b) 491 
Fig. 5. Fourier amplitude spectra in the diurnal range (a) and in the semidiurnal range (b) 492 
Fig. 6. Theoretical tidal potential calculated for the location of the SGO and tidal constituents 493 
calculated from the radon data series 494 
Fig. 7. High-pass (a) and band-pass (b) filtered data in summer (above) and winter (below) 495 
months in 2009.  496 
Fig. 8. Long-period relationship between radon concentration, barometric pressure and 497 
temperature. Hourly sampled data were filtered by an adjacent average filter using 4800 498 
adjacent data. 499 
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Table 1. Results of correlation and regression analysis between Fourier amplitudes 
Analysis method Radon – temperature Radon – bar. press. 
Pearson correlation 0.70775 0.79932 
Spearman correlation 0.36556 0.36722 
Regression coefficients 16.982 kBq m
–3
 K
–1 
9.8328 kBq m
–3
 hPa
–1
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Table 2. Results of the Principal Component Analysis 
Time interval 
 
Percentage of variability [%] 
Radon concentration Barometric pressure Temperature 
01.01.2009 – 31.12.2013 59.95 33.27 6.78 
01.01.2009 – 31.12.2009 63.80 30.74 5.46 
01.01.2010 – 31.12.2010 60.07 33.3 6.62 
01.01.2011 – 31.12.2011 68.75 25.65 5.60 
01.01.2012 – 31.12.2012 62.43 31.44 6.13 
01.01.2013 – 31.12.2013 59.19 33.14 7.66 
01.05.2009 – 30.09.2009 52.96 31.18 15.87 
01.05.2010 – 30.09.2010 55.36 34.16 10.47 
01.05.2011 – 30.09.2011 59.96 26.00 14.04 
01.05.2012 – 30.09.2012 52.03 32.04 15.93 
01.05.2013 – 30.09.2013 53.27 30.50 16.22 
01.11.2009 – 31.03.2010 54.77 32.77 12.46 
01.11.2010 – 31.03.2011 60.28 27.30 12.42 
01.11.2011 – 31.03.2012 57.85 26.85 15.29 
01.11.2012 – 31.03.2013 48.26 30.10 21.64 
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Table 3. Results of the PLS analysis 
Data type Regression coefficients 
Summer data  Winter data 
Rn – T 
[kBq m–3 °C–1] 
Rn – P 
[kBq m–3 hPa–1] 
 Rn – T 
[kBq m–3 °C–1] 
Rn – P 
[kBq m–3 hPa–1] 
Raw data 16.519 –2.315  1.064 –0.665 
Daily average 25.936 –2.815  2.010 –0.635 
Adjacent average 20.359 –1.458  21.597 5.298 
Band–pass 
filtered 
–1.313 –5.709  –0.750 –0.500 
High–pass 
filtered 
–0.233 0.206  –0.043 –0.112 
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